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Abstract of WO9608305 

The measurement of blood flow in a dialysis 
shunt (12) is obtained by injection of an indicator 
material into a venous line (32) leading from 
dialysis equipment (10) to the shunt (1 2). The 
blood flow in an arterial line (26) leading from the 
shunt (12) at a location downstream of the 
venous line (32) to the dialysis equipment (10) is 
monitored by an arterial line sensor (50) for the 
presence of the indicator material. A detector (58) 
connected to the sensor (50) provides a dilution 
curve in response to the presence of the indicator 
material and the blood flow in the shunt (12) is 
calculated from the area under the dilution curve. 
The locations of the arterial and venous lines (26, 
32) in the shunt (12) can be reversed to obtain a 
measurement of blood recirculation from the 
venous line (32) into the arterial line (26). 
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BLOOD FLOW MEASUREMENT METHOD IN HEMODIALYSIS SHUNTS 

Description of WO9608305 



BLOOD FLOW MEASUREMENT METHOD IN HEMODIALYSIS SHUNTS 
Background of the Invention 

The invention relates to the field of kidney dialysis processes and more particularly to such processes for 
measuring arterio-venous shunt blood flow and undesirable recirculation during hemodialysis. 

Dialysis is a process by which an artificial kidney replaces the function of a patient's kidney. Blood is 
removed from the patient's vascular system via an arterial line, ispassed throllgh a dilzer and is returned to 
t the i viW - venous line for normal circulation through the patient's vascular system. A majority of dialysis 
patients have an arterio-venous shunt implanted in a location having a high blood flow that simplifies the 
withdrawal of blood from the part that is closer to the arterial side of the shunt and the return of purified 
blood downstream of the withdrawal site, closer to venous side of the shunt. In some cases the shunt clots 
or stenoses and the resulting reduction in blood flow necessitates surgery that is costly and invasive for 
the patient. In the situation of low blood flow in the shunt or, if there is any other problem with the venous 
outflow, some part of the freshly dialyzed blood from the venous return line flows directly to the arterial 
withdrawal line where it is again filtered. If this undesired direct recirculation level is high enough, some 
amount of blood will be repeatedlyfiltered and the rest of the patient's blood will not be sufficiently filtered 
to provide the patient with adequate dialysis. 

One method of measuring shunt blood flow currently uses color coded duplex sonography. This isgery 
expensive and involves operation byhighly-qualifieu professionals. 

Measurements are therefore made only rarely and the onset of reduced flow, when treatment could be 
made without surgery, can be missed. 

The standard test for undesired direct recirculation requires three blood samples while the patient is on 
dialysis. 

This method requires blood samples from the patient, time from the nurses, and high laboratory costs. 
Dialysis patients generally have lower hematocrit than the normal population and are at greater risk from 
losing blood, so this is not very satisfactory. 

Another technique involves injection of a saline solution intravenously and recording changes of blood 
optica! properties for detecting recirculation qualitatively. This technique leaves open the question of 
whether recirculation is quantitatively reduced sufficiently to warrant intervention. 

Summarv of the Invention 

The present invention avoids the problems encountered with previous methods and techniques by 
providing an accurate determination of shunt blood flow and undesired recirculation at lower cost. 

Blood flow, Q, measured by the dilution method (A.C. 

Guyton Textbook of Medical Physiology, Sixth Edition, p. 287, 1981) is given by: 

Q = V IS (Eq. 1 ) where V is the amount of injected indicator and S is the area under a dilution curve and is 
equal to the average concentration of indicator in the blood for the duration of the curve, multiplied by the 
duration of the curve. 

A dilution curve is obtained by measuring changes in a physical parameter of the blood over a period of 
time, and plotting the resulting variations. For example, if the blood parameter being measured is sound 
velocity, the injection of an indicator such as a saline solution, having a different sound velocity than blood, 
will produce a change in the measured parameter as the indicator passes the sensor location. The 
indicator dilutes the blood, and produces a sound velocity curve which is a measure of that dilution. 
Although injection of a saline solution is convenient for producing a measurable change in a blood 
parameter such as sound velocity, other changes of parameters may also be suitable. Thus, changes in 
temperature, electrical impedance, optical characteristics, and the like may also be used as indicators to 
produce dilution curves. For purposes of this disclosure, however, reference will primarily be made to the 
use of saline solution as the indicator, with resulting changes in sound velocity in the blood being 
measured to provide a dilution curve. 

To facilitate the measurement of shunt blood flow in accordance with the present invention, the blood line 
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connection is reversed from normal; that is, the arterial inlet which removes the blood from the patient for 
dialysis is located downstream (not upstream as normal) of the venous outlet in the shunt. A volume of 
indicator, such as a saline solution, is injected into the venous line (Vven), where it is mixed with the 
dialyzer blood flow Qdial and the mixture is delivered to the shunt where it is combined with the blood flow 
in the shunt (Qshunt) The blood shunt flow (Qshunt) can be calculated from 
Equation 1 by measuring the dilution area in the arterial lineSart 
Qshunt + Qdial. = Vven / Sart (Eq. 2) 
Qshunt = Vven /Sart - Qdial(Eq. 3) 

Equation 3 shows that if the blood flow through the dialyzer Qdial is measured and the absolute 
concentration of indicator in the arterial blood line Sart is recorded, then the blood flow through the shunt 
Qshunt can be calculated. 

In some methods applicable to hemodialysis, sensors are clamped onto the exterior of the arterial or 
venous line, or tube. However, it is difficult to measure the absolute concentration of indicator in the blood 
through the hemodialysis tube. For example, if a sound velocity sensor is used to record protein 
concentration changes in blood due to a saline indicator injection, the sound beam will have to pass 
through both the tube and the blood. Recorded measurements of absolute sound velocity will be 
influenced not only by the blood, but also by the unknown sound properties of the tube. The same problem 
occurs if an optical sensor is clamped onto tube; i.e., the recorded amplitude of a light beam is not only the 
function of hemoglobin concentration but of tube properties. 

This problem may be solved by an additional calibration injection of the same indicator, which is injected in 
the arterial line, but upstream of the place where the measurements are made. The equation for this case 
will be: 

Qdial =Vcal / Scal(Eq. 4) whereVcal is the known quantity of indicator in the calibration injection andScal is 
the area under the resulting dilution curve. 

This area is the average concentration of indicator in the blood for the duration of the curve, times the 
duration of the curve. 

From Equations 2 and 4 the formula for shunt blood flow will be: 

Vven Seal Qshunt = Qdial ( 1 1) (Eq. 5) 

Veal Sart or 

Vven Veal Qshunt = ( - ) (Eq. 6) 
Sart Seal 

Equation 5 is suitable if blood flow in the tube can be measured accurately. The ratioScal/Sart shows that 
the recorded dilution areas only need to be proportional to relative changes in concentrations in this case. 
Assuming that tube properties are constant during the measurements, the value of this ratio can be 
calculated with high accuracy for most type of sensors, including sound velocity, optical, etc. 

Equation 6 can be used where tube blood flow is unknown but absolute concentrations are measured, for 
instance by withdrawing the blood from the arterial blood line and using an optical densitometer for optical 
dye dilution measurements. 

To avoid the need for a calibration injection, an additional sensor that is matched to the arterial line sensor 
is located on the venous line downstream of the location of the intravenous indicator injection. For this 
case, the injected indicator will be mixed with the venous line tube flow, so by analogy with the calibration 
injection of Equation 4: 

Qdial = Vven / Sven (Eq. 7) whereSven is the area under the dilution curve and is calculated as the 
average concentration of indicator in the blood for the duration of curve, times the duration of the curve. 
From the same injection, the area Sart is generated. The formula for blood flow by substituting in Equation 
5 is: seven 

Qshunt = Qdial ( 1 ) (Eq. 8) 

5art 

As an alternative to the foregoing, a measurement of the quantity of blood recirculation may be made 
during a normal connection of the dialysis blood lines of the shunt, with the intake to the arterial line being 
upstream in the shunt and the outlet of the venous line connection being downstream in the shunt. With 
this "normal" connection, after injecting an indicator into the venous line, a rapid appearance of indicator in 
the arterial line is an indication that recirculation exists. 

The quantity of recirculation is the fraction of freshly filtered blood in the venous line that recirculates to the 
arterial line and this quantity is equal to the ratio of indicator volume that is recirculated into the arterial line 
(Vrec) to the volume that was injected into the venous line(Vven). 

The amount of recirculated indicatorVrac is equal to the area under the recirculated concentration dilution 
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curveSreC multiplied by the dialysis blood flow in the arterial line Qdial: 
Vrec- 5rec*Qdlal(Eq.9) 

The same problem with the evaluation of5rsc that was described for Equations 2 and 3 persists; namely, 
the difficulty of measuring indicator concentration through the tubing. This problem is avoided by an 
additional calibration injection of the same indicator into the arterial line upstream from the place where the 
measurements are made, as discussed above with respect to Equation 4. From Equations 4 and 9 the 
recirculating fraction is: 
VrecVcal Srec 
= *(Eq. 10) 
Vven Vven Seal 

The ratioSrec/Scal in Equation 10 indicates that the measured dilution areas need only be in the same 
relative units. 

Assuming that tube properties are constant during the measurements, this ratio can be calculated with 
high accuracy for most types of sensors; e.g., sound velocity, optical, etc. 

To avoid the need for a calibration injection, an additional sensor that is matched to the arterial line sensor 

may be located on the venous line downstream of the location of the intravenous indicator injection. For 

this case, the injected indicator will be mixed with the venous line flow, so by analogy with the calibration 

injection Equation 7: 

Vrec5rec 

(Eq. 11) 

Vvenseven 

In summary, the, shunt blood flow can be measured by reversing arterial and venous blood lie. P~T 
arterial iltl which removes blood from a patient's vascular system, is located in the shunt downstream of a 
venous outlet, which returns treated blood to the patient's vascular system. An indicator material is 
injected into an injection port in the venous tube, and changes in the physical properties of the blood are 
monitored in the arterial line. These changes are recorded, with the area under the resulting dilution curve 
providing a measure of blood flow in the shunt and tube line. The indicator used for this purpose is any 
material or blood treatment which changes the physical characteristics of the blood. For example, it can be 
a saline solution, preferably of known concentration, or can be a heating or cooling of a quantity of blood. 
The change of characteristics is measured by known sensors, such as sound velocity sensors, electrical 
impedance sensors, optical sensors, thermal sensors, isotope sensors, or the like, and the blood flow 
relationships are calculated in accordance with the foregoing equations. 

Because the tubing used to carry blood from the patient to the dialysis equipment introduces errors into 
the measurements of blood flow, calibration measurements may be required, using a calibration injection 
and, if blood flow is unknown, blood concentration measurements. To avoid the need for a calibration 
injection, an additional sensor may be provided on the venous line downstream of the venous injection 
port. 

Blood recirculation can also be measured with the arterial inlet located in the shunt upstream of the 
venous outlet. In this case, the indicator is injected into an injection port in thevenous line cutlet (as before) 
and the blood characteristics are monitored in the arterial line. A calibration injection may be provided at 
an injection port in the arterial line upstream of the arterial tube monitor or, to avoid a calibration injection, 
a second blood characteristic monitor can be provided in the venous tube downstream of the venous 
injection port. 

Brief Description of the Drawings 

The foregoing, and additional objects, features, and advantages of the present invention will become 
apparent to those of skill in the art from the following detailed description of preferred embodiments 
thereof, taken in conjunction with the accompanying drawings, in which: 

Fig. 1 is a diagrammatic illustration of an arteriovenous shunt connected by way of arterial and venous 
tubes to a dialyzer with an arterial tube inlet in the shunt downstream from a venous tube outlet, an 
injection port in the venous tube, and a sensor for the arterial tube; 
Fig. 1 A illustrates a dilution curve for the device of 
Fig. 1; 

Fig. 2 is a modification of Fig. 1, adding a second sensor for the arterial tube; 

Fig. 3 is a second modification of Fig. 1, adding an injection port in the arterial tube, upstream of the 
arterial sensor; 

Fig. 3A illustrates a dilution curve for the device of 
Fig. 3; 

Fig. 4 is a third modification of Fig. 1, adding to the device of Fig. 3 a second arterial sensor of the type 
illustrated in Fig. 2; 

Fig. 5 is a fourth modification of Fig. 1 , incorporating two additional sensors, one for each of the venous 
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and arterial tubes; 

Figs. 5A and SB illustrate dilution curves for the device of Fig. 5; 

Fig. 6 is a diagrammatic illustration of a second embodiment of the invention, illustrating an arterio-venous 
shunt connected by way of arterial and venous tubes to a dialyzer, with an arterial tube inlet in the shunt 
upstream of a venous tube outlet, an injection port in the venous tube, a sensor for the arterial tube and a 
calibration port in the arterial tube upstream of the sensor; and 

Fig. 7 is a diagrammatic illustration of a modification of the device of Fig. 6, wherein the calibration port of 
Fig. 6 is replaced by a venous tube sensor downstream of the venous tube injection port. 

Description of Preferred Embodiments 

Turning now to a more detailed consideration of the process of determining blood flow in a dialysis shunt 
in accordance with the present invention there is illustrated in 

Fig. 1 a patient blood dialysis system 10 utilizing a reversed connection of arterial and venous lines to a 
blood vessel 12 illustrated as an arterio-venous shunt connected at its upstream end 14 to a patient's 
artery 16 and connected at its downstream end 18 to a patient's blood vein 20. The shunt may be an 
artificial vessel or a native vessel that is surgically moved between artery 16 and vein 20. The direction of 
flow of blood in the vessel 12 is indicated by arrow 22 and it is this blood flow which is to be determined. 
Connected between vessel 12 and conventional blood dialysis equipment 24 is an arterial line, or tube 26 
having an inlet 28 in the shunt 1 2 for drawing blood for treatment by the dialysis equipment. The direction 
of flow of blood in arterial line 26 is illustrated by arrow 30. 

Also connected between the dialysis equipment 24 and shunt 12 is a venous line, or tube, 32 which 
carries treated blood from the dialysis equipment 24 back to the shunt. The venous line 32 has an outlet 
34 located in shunt 12, upstream of the arterial line inlet 28. The direction of flow of treated blood in 
venous line 32 is illustrated by arrow 36. As illustrated by arrow 38, treated blood from the outlet 34 travels 
downstream, in the direction of the main flow 22, toward the inlet 28 where some of the treated blood 38 is 
collected by the arterial line 26. 

Measurement of blood flow in the shunt is obtained, in accordance with the invention, by injecting into 
venous line 32, as by way of an injection port 40, an indicator material having a selected physical property 
differing from that of the blood being treated. In the preferred embodiment, this material, indicated by 
arrow 42, is a saline solution which is isotonic with the blood but which has different sound velocity 
properties. 

Other indicator materials may be, for example, heated or cooled blood. The injected indicator is mixed with 
the blood flow 36 in the venous line and is returned to shunt 12 where it is mixed with the shunt flow 22. A 
portion of the indicator is withdrawn from the shunt by the arterial blood line, as indicated by arrow 30. 

A sensor 50 is provided at a location downstream of the injection port 40, and preferably is located in the 
arterial line 26, as illustrated in Fig. 1 . The sensor preferably is a blood sound velocity detector which 
comprises a sound source 52 sending a sound beam directly through the blood passing through arterial 
line 26 to a sound receiver 54 which produces an output signal related to the velocity of sound in the 
blood. Such sound velocity sensors are well known in the art and are exemplified by the Transonic 4x 
perivascular probe manufactured by Transonic 

Systems, Inc., Ithaca, New York, U.S.A. In this probe, the receiver 54 produces an output signal on line 56 
which is directed to a detector 58 which measures and evaluates the signal supplied by way of line 56. 
The detector records the signal and carries out the calculations described above for converting the sensor 
output signal to a blood concentration signal for determination of the blood flow in the shunt 12 and 
through the dialysis equipment 24. If the blood flow in the dialysis equipment 24 is relatively small in 
comparison to the flow in shunt 12, the measurements made by sensor 50 will give results which over 
state the flow of the shunt. 

More particularly, the blood flow Q in shunt 12 may be calculated in accordance with Equation 1 by 
calculating the area under the dilution curve obtained by sensor 50. An example of sucha curve is 
illustrated in Fig. 1 A, wherein the velocity of sound in the arterial blood flow is illustrated by curve 59. At 
time 0 an indicator material is injected at port 40, and at some later time, the change in sound velocity 
caused by the indicator is detected at sensor 50, as illustrated by the dip, or dilution area, 59a in curve 59. 
The area under the dilution curve 59 in region 59a is the area 5art described in Equation 2. 

As illustrated in Fig. 2, a second blood flow sensor 60 may be provided on arterial line 26 and connected 
by way of line 62 to the detector 58. This second sensor is a blood flow sensor such as a modelHT109 
clamp-on flowmeter produced by 

Transonic Systems, Inc., and is used to measure the blood flow 

Qdial in line 26 so that it can be subtracted from the sum of flows calculated in accordance with the 
embodiment of in Fig. 1 to increase the accuracy of the shunt blood flow determination. 
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This improved accuracy is obtained in accordance with Equations 2 and 3. Although sensor 60 is shown 
as separate from sensor 50, the two sensors may be incorporated into a single unit, if desired. 

Another modification of the invention is illustrated in Fig. 3, which is the same as Fig. 1 but with the 
addition of an injection port 70 in the arterial line 26 for injecting a calibration indicator material, shown by 
line 72. This injection port 70 is located upstream of the sensor 50 so that the indicator material 72 is 
mixed with all of the blood flow in line 26. The injection of the calibration indicator material in port 70 
produces a corresponding dilution curve illustrated at 74 in 

Fig. 3A in accordance with the change in sound velocity in the blood, as sensed by sensor 50, and this 
dilution curve is recorded by detector 58. The detector determines the blood flow 

Qdial in line 26 from the areaScal under curve 74 and from the known voIumeVcai of indicator material 72, 
in accordance with equation 4. This blood flow Qdial is then subtracted from the sum of flows calculated in 
accordance with Fig. 1 to increase the accuracy of the shunt blood flow measurement, in accordance with 
Equation 6. 

Another embodiment of the invention is illustrated in 

Fig. 4, which includes all of the measurements of Figs. 1 , 2, and 3. Thus, the device of Fig. 4 includes 
sensor 50 with a sound source 52 and a sound receiver 54 supplying signals on line 56 to detector 58, 
includes a blood flow sensor 60 connected by way of line 62 to detector 58, and includes a calibration 
injection port 70 for receiving calibration indicator material 72. The output signal on line 62 is for 
measuring the dialysis blood flow 

Qdial. The indicator 72 is a calibration injection, as described above, and relative changes of sound 
velocity related to known blood flow Qdial are measured by sensor 50. The relative changes of sound 
velocity corresponding to injections made into port 40 of indicator material 42 and into port 70 of the same 
indicator material 72 are recorded by sensor 50, so that relative changes of sound velocity in arterial line 
26 due to these injections can be calculated in detector 58 to obtain an accurate shunt blood flow 
measurement in accordance with equation 5. 

Still another embodiment of the invention is illustrated in Fig. 5, which is similar to the embodiment of Fig. 

2 but with the addition of a sensor8Q located on the venous line, or tube, 32. Sensor 80 includes a sound 
transmitter 82 and a sound receiver 84, the receiver producing an output signal on output line 86 which is 
connected to detector 58. The use of sensor 80 avoids the need for additional calibration injections in 
arterial line 26. The additional sound velocity source 82 and receiver 84 match the sound velocity source 
52 and receiver 54, and sensor 80 is located downstream of the injection port 40 in venous line 32. As a 
result, all of the indicator material 42 flows through sensor 80, producing dilution curve 88 (Fig. 5A). 

The injection made in port 40 is mixed only with the blood flow in venous line 32, and thus serves to 
calibrate the sensor 80. 

The same injection later generates dilution curve 89 in the matching sensor 50 (Fig.5B) after the indicator 
material passes through the shunt vessel 12, and a portion is recirculated into arterial line 26. The 
calculation of shunt blood flow Qshunt iS then made in accordance with Equation 8. 

A second embodiment of the invention is illustrated in 

Fig. 6, to which reference is now made. This embodiment provides a measurement of undesired 
recirculation of freshly purified blood while utilizing a "normal" connection of the dialysis equipment lines. 
Thus, in this embodiment the dialysis equipment 24 is connected to a patient's vascular system by way of 
shunt 12 and an arterial line 90 leading from inlet 92 to the dialysis equipment. Similarly, the equipment is 
connected to shunt 12 by venous line 94 which delivers purified blood from the dialysis equipment through 
outlet 96 in the shunt. The direction of blood flow in arterial line 90 is illustrated by arrow 98, and the 
direction of blood flow in venous line 94 is illustrated by arrow 100. 

Although the outlet 96 is downstream from the inlet 92 in shunt 12, nevertheless such a "normal" 
connection can produce undesired recirculation of purified blood, as illustrated by arrow 102. Thus, 
purified blood can flow upstream in vein 12 and be picked up at inlet 92 for recirculation through the 
dialysis equipment, such recirculated blood then making up a part of the arterial blood flow 98. 

To measure this recirculation, an indicator material having a selected physical property differing from that 
of the blood is injected into the venous line 94 through an injection port 104. In the preferred embodiment, 
the indicator material, indicated by arrow 106, is a saline solution isotonic with the blood, but having 
different sound velocity properties. The injection of such an indicator dilutes the blood in venous line 94, 
and if recirculation exists, some of the diluted blood will appear in arterial line 90, producing resultant 
sound velocity changes which will be recorded by a sensor 110 having a sound source 112 and a sound 
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receiver 114. The receiver 1 14 is connected by way of line 1 16 to a detector 1 18 of the type described in 
the previous embodiment. The detector serves like as a measuring and evaluating device which records 
the received signals which calculates the area under the dilution curve which results from the injection of 
the indicator material, and which carries out the calculations prescribed by the equations described above. 

An additional calibration injection of indicator material 120 which is the same as the indicator material 106, 
may be injected by way of a port 122 in arterial line 90, upstream of the sensor 110. Since all of the blood 
in the arterial line 90 will pass through the sensor 110, the indicator material injected at 122 will be mixed 
only with this arterial blood flow, and the resulting dilution curve recorded by detector 118 permits 
calibration of the system by calculating the area under the dilution curve and subsequent determination of 
the recirculation fraction in accordance with Equation 10. 

If it is desired to avoid the need for a recalibration injection, a modified version of the device of Fig. 6 may 
be provided, as illustrated in Fig. 7. In this modification, an additional sensor 130 having a sound velocity 
source 132 and a sound velocity receiver 134 is provided on the venous line 94. 

The receiver 1 34 is connected by way of line 1 36 to the detector 118. The sensor 1 30 matches sensor 110 
and is located downstream of the injection port 104, so that all of the blood from the dialysis equipment 24 
as well as the indicator material 106 injected in port 104 will pass through sensor 130. The sensor 
measures the dilution curve in the arterial blood 100, and the same injection then produces a dilution in 
the flow 98 through arterial line 90. Sensor 110 detects the indicator material to provide a resulting signal 
to detector 1 18 from which the recirculation can be calculated in accordance with Equation 1 1 , as outlined 
above with respect to the first embodiment and the various modifications thereof described with reference 
to Figs. 

1-5. 

Although the present invention hasbeen described in terms of preferred embodiments, it will be 
understood that variations and modifications may be made without departing from the true spirit and scope 
thereof. 



Data supplied from the esp@cenet database - Worldwide 



http://v3.espacenet.com/textdes?DB=EPODOC&IDX-WO9608305&QPN=WO9608... 07/04/2004 



esp@cenet claims view 



Pagina 1 di 3 



BLOOD FLOW MEASUREMENT METHOD IN HEMODIALYSIS SHUNTS 

Claims ofWO9608305 



WHAT IS CLAIMED IS: 

Una blood dialysis system including a dialyzer, an inlet arterial line from an arterio-venous blood dialysis 
shunt to the dialyzer and an outlet venous line from the dialyzer to the shunt, a process for determining 
blood flow in the shunt comprising: 

removing blood from an arterio-venous shunt in a patient by way of an arterial line having an inlet at a 

downstream portion of said shunt; 

delivering the blood in said arterial line to a dialyzer; 

delivering the blood from the dialyzer to said shunt through a venous line having an outlet at an upstream 
portion of said shunt; 

changing a selected physical property of said blood in said venous line to produce a distinguishable blood 
characteristic; 

monitoring said selected physical property with a sensor for said arterial line to determine the presence of 
blood having said changed physical property in said arterial line; 

measuring the amount and duration of said changed physical property in said arterial line and producing a 
dilution curve from said measurement; and 

determining from the area of said dilution curve the blood flow in said arterio-venous shunt. 

2. The process of claim 1 , wherein the step of changing a physical property of said blood comprises 
injecting an indicator material into said venous line. 

3. The process of claim 1 , wherein the step of changing a physical property of said blood comprises 
changing the velocity of sound in said blood. 

4. The process of claim 1 , wherein the step of changing a physical property of said blood comprises 
changing the electrical impedance of said blood. 

5. The process of claim 1 , wherein the step of changing a physical property of said blood comprises 
changing the optical characteristics of said blood. 

6. The process of claim 1 , wherein the step of changing a physical property of said blood comprises 
changing the thermal characteristics of said blood. 

7. The process of claim 1, further including measuring the blood flow in said arterial line to provide 
increased accuracy in the determination of said shunt blood flow. 

8. The process of claim 1 , further including further changing said selected physical property of said blood 
in said arterial line prior to said monitoring step. 

9. The process of claim 8, further including additionally monitoring blood flow in said arterial line; 
measuring said arterial line blood flow; and 

determining from said measured arterial line blood flow and said area of said dilution curve the blood flow 
in said arterio-venous shunt with increased accuracy. 

10. The process of claim 1, further including monitoring said selected physical property with a sensor for 
said venous line matched with said sensor for said arterial line; 

measuring from said venous line sensor relative changes of said selected physical property; and 
determining from the measurements by said venous line sensor and said arterial line sensor the blood flow 
in said arterio-venous shunt. 

11. In a blood dialysis system including a dialyzer, an inlet arterial line extending from an arterio-venous 
blood dialysis shunt to the dialyzer, and an outlet venous line extending from the dialyzer to the shunt, a 
process for determining the recirculation of blood through the shunt, comprising: 

removing blood from the arterio-venous shunt by way of an arterial line having an inlet at an upstream 
portion of said shunt; 

delivering the blood in said arterial line to a dialyzer; 

delivering the blood from the dialyzer to said shunt through a venous line having an outlet at a 
downstream portion of said shunt; 

changing a selected physical property of said blood in said venous line to produce a distinguishable blood 
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characteristic; 

monitoring the blood at a preselected location in said arterial line to measure changes of said physical 
property of said blood due to said changing of said physical property to produce a corresponding first 
dilution curve; 

additionally changing said selected physical property of said blood in said arterial line upstream of said 
preselected location to produce said distinguishable blood characteristic; 

additionally monitoring the blood at said preselected location in said arterial line to measure changes of 
said physical property of said blood due to said additional changing of said physical property to produce a 
corresponding second dilution curve; and 

determining from said first and second dilution curves the blood recirculation to said dialyzer. 

12. In a blood treatment system including a dialyzer, an inlet arterial line extending from an arterio-venous 
blood dialysis shunt to the dialyzer, and an outlet venous line extending from the dialyzer to the shunt, a 
process for determining blood recirculation through the shunt to the dialyzer, comprising: 

removing untreated blood from an upstream location in a dialysis shunt in a patient and directing the blood 
through a dialyzer; 

returning treated blood from the dialyzer to a downstream location in the shunt; 
inserting a first indicator into said returning blood; 

monitoring said untreated blood to detect the presence of said first indicator in the untreated blood; 
determining the amount of first indicator in the untreated blood and the duration of time the first indicator is 
present in said untreated blood; 
inserting a second indicator into said untreated blood; 

monitoring said untreated blood to detect the presence of said second indicator in the untreated blood; 
determining the amount of said second indicator and the duration of time the second indicator is present in 
said untreated blood; and 

determining from the amount and durationcf said first and second indicators the amount of blood 
recirculation. 

13. In a blood dialysis system, apparatus for measuring blood flow in a dialysis shunt, comprising: 
a dialyzer for treating blood; 

an arterial line connectable between the dialyzer and a first location in a dialysis shunt carrying a flow of 
untreated blood for transporting untreated blood to the dialyzer; 

a venous line connectable between the dialyzer and a second location in the dialysis shunt upstream from 
said first location for directing treated blood from the dialyzer to the shunt wherein the treated blood is 
mixed with untreated blood in the shunt; 

an injection prot in said venous line for injecting an indicator into said treated blood; 

an indicator sensor on said arterial line for detecting the amount and duration of said indicator in said 

untreated blood; and 

a detector responsive to the amount and duration of said indicator in said arterial line for determining the 
blood flow in said shunt. 

14. The apparatus of claim 13, further including a second injection port in said arterial line for injecting a 
calibration indicator into said untreated blood upstream of said sensor. 

15. The apparatus of claim 14, further including a blood flow sensor on said arterial line. 

16. The apparatus of claim 13, further including a blood flow sensor on said arterial line. 

17. The apparatus of claim 16, further including a second indicator sensor on said venous line 
downstream of said venous line injection port for detecting said indicator in said venous line. 

18. In a blood dialysis system, apparatus for measuring blood recirculation comprising: 
a dialyzer for treating blood; 

an arterial line connected between the dialyzer and a first location in a dialyzer shunt carrying a flow of 
untreated blood for transporting untreated blood to the dialyzer; 

a venous line connected between the dialyzer and a second location in the dialyzer shunt downstream 
from said first location for directing treated blood from the dialyzer to the shunt where the treated blood is 
mixed with untreated blood in the shunt; 

a first injection port in said venous line for injecting an indicator into said treated blood; 

an indicator sensor in said arterial line for detecting the amount and duration of said indicator in said 

untreated blood; 

a second injection port in said arterial line upstream of said indicator sensor for injecting a second 
indicator into said arterial line, said indicator sensor detecting the amount and duration of said second 
indicator in said untreated blood; and 

a detector responsive to said indicator sensor for determining from the amount and duration of said first 



http://v3.espacenet.com/textclam?DB=EPODOC&IDX=WO9608305&QPN=WO960... 07/04/2004 



esp@cenet claims view Pagina 3 di 3 

and secondindicatcrs the amount of blood recirculation in said system. 



Data supplied from the esp@cenet database - Worldwide 



http://v3.espacenetxom/textclam?DB=EPODOC&IDX=WO9608305&QPN=WO960... 07/04/2004 



WO 96/08305 



1/8 



PCT/US94/13163 



DIALYSIS 
EQUIPMENT 















24 



10 




22 34 38 



FIG. 1A 



SOUND 
VELOCITY 



L 



59 



Sort 




59a 



I 

0 



TIME 



WO 96/08305 



2/8 



PCT/US94/13163 



DIALYSIS 
EQUIPMENT 



24 




FIG. 2 



WO 96/08305 



3/8 



PCT/US94/13163 



42 




DIALYSIS 
EQUIPMENT 






1 






a 



24 



10 



22 34 38 



FIG. 3A 



INJECTION 
PORT 40 



28 



CALIBRATION 
INJECTION 
PORT 70 



SOUND 
VELOCITY 




59 / v S art 
59a 




s cal 



TIME 




FIG. 4 



WO 96/08305 



5/8 



PCT/US94/13163 



DIALYSIS 
EQUIPMENT 




FIG. 5 



WO 96/08305 PCT/US94/13163 

6/8 



SOUND 
VELOCITY 



SOUND 
VELOCITY 



INTRAVENOUS 
INJECTION 
PORT 40 




ven 



TIME 

FIG. 5A 



j INTRAVENOUS 




INJECTION 




1 PORT 40 




| 89 




' TIME 



FIG. 5B 



WO 96/0830S 



7/8 



PCT/US94/13163 



DIALYSIS- 
EQUIPMENT 



24 




FIG. 6 




FIG. 7 



This-Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



LJ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLACK BORDERS 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 




'ED TEXT OR DRAWING 



